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TANK TESTS OF AN ALTERVATE HULL FORM FOR THE
CONSOLIDATED VILTEE PB2Y-3 AIRPLANE

By Norman S. land and Jack Posner
SUNMy ARY

Tests have been made in Langley tank no. 1 of a dynamic model
of the Consolidated Vultee PE2Y-3 airnlane. These tests were made
using an alternate hull form, the ourpose of which was to reduce
the how soray and eliminate the landing instability which are objection~
able features of the production desipgn. The major differences from
the PBE2Y-% hull included a deeper sten to improve the landiang stability,
and a lenzthened forebody and increased beam to reduce the srray in
the pnronellers and on the flaps.

The tests showed that the spray characteristics of the revised
hull form were much better than that of the production design. In
addition the take-off and landing stability of the model with the
alternate hull were satisfactory.

INTRODUCTION

The tests described in this report were made to determine the
hydrodyanamic characteristics of a »nronosed alternate form of hull
for the Consolidated Vultee PB2Y-3 airnlane. This hull was designed
to eliminate the more objectionable landing instability inheremt in -
the production design of the airvlame, to reduce the bow soray,’ and
to improve the take-off stability at forward positions of the center
of gravity., ~

The major differences from the PE2Y-3 airnlane include a deener
ster to improve the landing stability, a leangthened forebody an
increased beem to reduce the svray in the proneller and on the flaps,
end a more forward vosition of the nain sten. The lines for the new
hull were derived from a streamline body of revolution.
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Tests lf e 1/8-size model were made to determine the take-off

and landing

stability and the spray characteristics at gross loads

corresnondifiz to 76,000, 86,000,and 96,000 nounds, full size.

Comparisons
nroduction
of the prod
model 1654~

The se
Devartment
C-9218%, VP
Langley tank

The mo
a 1/8-size,
The model w
Important di
the dimensi
Photographs

are made with similar results for a l/B-size model of the
esign (Langley tank model 1£5) and for a 1/G-size model
ction design with increased length of hull (Langley tank
)e

tests were regquested by the Bureau of Aeronautics, Havy

n their letter to the Committee, Aer-E-23-FZ, C-7E8903,
2Y-3/F13-1, C541l of iarch 18, 1943, and were made in
no. 1 during Septemter 1GLlL.

DESCRIPTION OF KMODEL

el, designated in the Langley tank as model 161, is
powered, dynamic model of a modified PB2Y-%3 airplane,

s designed and constructed at the Langley Laboratory.
mensions of the model are given in Table T, together with
ms of a subsequent modificstion, designated model 163A-1.
of models 161 and 1€1li-1 are ghown in figure 1. A body

nlan of modél 1614-1 is shoan in figure 2,

The dimensions of a 1/B~size model of the production design of

the PE2Y-3
hull (model
description

Vodels

model 165) and those for the same model with lengthened
1654-1) are also insluded in table I. A complete
of these models is given in reference 1.

1¢1 and 16lA-1 are compared in figure 3, models 161A-1

and 165 in figure L, models 1£14-1 and 1654-1 in figure 5, and

models 165

The wi
and 1€1A-1
arrangement
the PB2Y-3,

Aerody
speed with
of model 1&
an rpm of
the full si

nd 1654-1 in figure €.

g, nrorellers and proveller tladc angle of models 161
ere the same as those of model 165. 4 singlc *ail
was used instead of the twin tail arrangement of

APPARATUS AND PROCEDURE

emic tests.~- The effective thrust was measured at constant

the model in the air at a trim of 0°., The effective thrust
lA-1 with a proncller blade angle of 82 at 3/l radius and

00 is shown in figure 7 together with the scale thrust for
e FB2Y-3., (See refercnce 1.)
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The serodynamic 1lift and »itchinz moments with and without power
were measured With the model in the air at a height above the water
sufficient to allow cleararce at a *trim of 1é6°, The model was towed
at a coastant speed of anproximately L0 feet ner seccond. Aerodynamic
lift and oitching-moment coefficients are vresented in figures &€ and 9.
The pitching moments are referred to a locetica of the center of
gravity of 2|, percent mean aerodynamic chord. The stabilizer was
set =4° to the base line. With this setting the aerodynamic pitching-
monent coefficients, with reutral elevators, apvoroximated those of
model 165, reference 1.

Eydrodyanemic tests.~ The trim and total resistance of model 161A-1,
without poier, were measured at the design load, with two elevator
settings, for speeds un to take-off. The trim limits of stability
were destermined at constant speeds to take-off. (The definition of,
and method for determining these limits, are given in reference 2.)

The variation of trim with snesd during take-off at various
nositions of the center of gravity was determined at a constant rate
of acceleration of 1 foot rer second ver second. The tests were
made at three gross loads and threcz deflections of the elevator.

The loads tested and the corresvonding full-size loads are given in
the following table: :

Yodel load ! Full-size load
(1b) | (1b)
147.5 76,000
166.5 6€,000
186.0 96,000

From the trim tracks the variation of maximum emplitude of norpoising
with vosition of center of cravity was determined for the three gross
loads at asutral and ~25° e¢levators (takine neutral elevators for
forward vositicns of the center of gravity and -25° clevators for after
nositions of the center of gravity). T¥rom this, the variation of range
of stable »ositiors of the certer of sravity with change in eross

load was determined, assuming 2° amnlitude of rorvoisine as the
ascentable condition. i i

Still and motion wictures were taken of
loads and smecds. The behavior of the model
recorded by motion vistures.

the bow svray at various
durine landing was

COEFIDENTIAL
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RESULTS AND DISCUSSION

prelirinary tests of model 161, violent unper-limit

fas encountered. It was found that if the norvoising was
allowed to Puild up to a sufficiently large amolitude, the model
norpoised hetween the uoper and lower trim limits and rezovery Ly
use of the elevators was not always possible. An undesirable flow
of water over the tail extension was noted during landings, and at
landinz triks atove 10° the model encountered the upper trim limit
and porpois€d. An increase in the depth of step did not eliminate
these vadesirable characteristics and further tests on model 161 were
discontinue@. The afterbody and tail extersion of model 161 were
modified and »reliminary tests to determine a satisfactory devth of
ster were m@des The final configuration, shown in figure 1, was
designated @&s model 1€1l4-1, and comnlebe tests were made with this
model,

During
norooising

Characgeristics of model 1&lA~1.~ Photogranhs of the spray in
the wropellers of model 10l4-1 for three pross.loads are shown in
figure 10. | The speeds at which gprray enters and zlears the pronellers
for various|gross loads is shown in figure 11. The snray character=
istics of the model were considered to be ‘satisfacztory up to the
heaviest lofd tested, which corresvonds to a full-size gross load
of 26,000 npunds. '

The variation of trim with sveed at three gross loads and three
elevator seftings with several center -of gravity locations is shown
in figure 1. The variation of the maximur amnlitude of nornoising
with »ositiPn of the center of 'gravity for the three gross loads
tested is shown in figure 13, The variabion of the range of stable
vositions of the center of gravitv with chanse in gross load is shown
in figure 1y From this figure it can be seen that at a gross load of
76,000 pounds, stable take-offs with neutral elevators were rossible
at nositiong of the center of gravity aft of 26 percent mean aero-
dynamic chofd, and with up elevators at necsitions of th: ceanter of
gravity forfiard of 29 percent.

Yodel
considered
The trim| 13
figure 15.
load and at
with simila

161A-1 was stable or landing, and the depth of step was
satisfactory with regerd to both stability and resistance.
nits of stability for mocel 1€lA-l are presented in

The resistance and trim of model 161A-1 at the design

two elevator settings are vresented in figure 1€, together
data for model 1€5A-1,

Comparison of models 1£14-1, 145 and 165A~1.- From otservation .

and study of ohotograohs it aspears theat the soray through the propellers

CONFIDENTIAL
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of model 161i~-1 is much lesc severe than the svray througzh the nrorellers
of model 165. The srray through the rrorellers of models 1€lA-1
and. 1654~1is an-roximately the sams in volume and duration.

fomparisons of the range of stable vositions of the center of
pravity with pross load for models 1514-1 and 1654-1 is »resented in
figure e The range of stable positiors of the center of gravity is
further forward for model 1£1A-1 than for model 1654-1, tut within the
accuracy of the tests the spread hetween the forward and aft limits is:
aproximately the same for both models.

It csn be seen from figure 16 that at hum» snmeecc the resistances
and trims of models 161i-1 and 1€54~] are an-roximately the same. At
speeds heyoad the Kump however, they are hicher for model 1&14i-1 than
for model 1654-1,

CONTLUSIONS

1l The soray characteristice of model 1£1A-1 were sztisfactory up
to a load corresponding to & full-sizé gross load of Oc 080 pounds.
The spray through the provellers of model 1{1i-1 was such less severe
than the spray through the vpropellers of model 1¢5, and approximately
the same as the svray through the provellers-of model 165a-1.

2. At a load corresvmonding to a full-size gross load of 76,000
pounds stable take-off's of model 1€li~1 with neufral elevators were
nossible at nositions of the center of gravity aft of 26 nersent mean
aerodynamic chord, and with uo elevators at vositions of the center of
gravity forward of 22 percent. The range of stable positions of the
center of gravity was further forward for model 1514-1 than for model
165A-1, and bthe extent was anproximately the same,

%+ Yodel 161A-1 was stable on landing, as was model 1é54~1,

COFIDERTIAL
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huwn resistance of model 16lA-1 was annroximately the same

as that of model 1654-1, but at smeeds bevond the hump, the resistance
of model 16014-1 was rreater than that of model 1€5A-1.
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TABLE I
> Model Model Model Model

161 161A-1 165  165A-1
Hull:
Maximum besm, ine « + ¢ o s o o o o o 18,76 18,76 15,75 15.75
Beam at step, ife « « « + o« ¢ « o o o 18,16 18,16 15.75 15.75
Angle of dead rise at step, deg « . . 20 20 22.5 22.5
Angle of forebody keel, deg . « » « « 1.3 1.3 1.0 1.0
Anple of afterbody kcel, deg . . . . 5.7 5.0 6,25 6.25
Length of forebody, in. to centroid
for models 165 and 1654-1 . . . . . 57.79 57.79 L6.36 57.3%2
Length of afterbody, in. to centroid
for models 165 and 1654-1 . . . . . L0.36 L0.36 3%5.20 L3.72

Length of forebody to point of step, in. ==-= ----- 19.39 60.35
Length of afterbody from point of '
StGD, A oliie b el Sl e e el hen e 32- 17 }.LO.@

Over-elllength, ifle » o« o o « « « « » 139,50 139.50 118.50 130.90
Iengbh=betm Y810 « o » o « o « w0 s 5B 505 5,18 6,42
Forebody-afterbody ratio . « « « « » 1.3 14,3 1.32 1.21
Type of 8t6D « « « « + s« « o o o » « Trans. Trans. 300-V 30°.V
Depth of step at centroid, percent

DeaAm o o o o o o+ o o o o o 0 & 8 4 mm=——— ————- 32 Tei2
Depth of 'step at keel, percent beam . 8.0 10.7 5D 9.7

Wing (same wing used for all models)
APEB, B8 BH o o8 e a0 b W ie e e W s e e s e e e e 2
SOanS Wlls e W e w6 sl w e s o Fran el ui e e e L
Root chordy i0le « s s ¢ o ¢ 0 o v o s 5 o 5 4 s s o« 3
Tiphctiord, Qs o o o ¢ o & ro Ll i
Angle of wing setting, deg o« o o + ¢ ¢ o ¢« ¢ « o 3
Length, mean aerodynamic chord, ine o o o o o s o o 2o

Propellers (same propellsrs used for all models)

(Ul kTR ee s s b SR E e S it R T [
Bumbey of Propellers. « « s « + » o6 s v &« v 5 & % - O
Blladogiper propelle®  wils o s b sl s es le o e e e 3
Pitch at 3/L radluB, 468 v & s o v« 5 2 w sw 2w B
Thrust line, angle to base line; deg o« ¢« o ¢ « » « O

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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FIGURE LEGENDS

Figure l.- Models 161 and 16lA-1. Side-view photographs.
Figure 24= Model 161A-1, body plane

Figure %.- Models 161 and 161A-1.

Figure li.= Models 161A-1 and 165.

Figure 5.~ Models 161A-1 and 1654-1,

Figure ©.- Models 145 and 165A-1.

Figure 7.- Model 161A-1. Effective thrust at propeller speed
of €900 rpme Blade angle, 8° at 3/l radius; trim 0°.

Figure 8.= Model 16lA-1l. Aerodynamic characteristics with power
off; 6p = 20°; 6g = -6°.

Figure Q.- Model 161A-1l. Aerodynamic characteristics with power on.
Blade angle, 8° at 3/l radius; €900 rom; 6f = 20°; &g = -&°..

Figure 10.~ Model 161A-1. Spray in propellers. 20° fléps; 0% elévator
(a) Speed = 7.5 fps
Figure 10.= Model 161A-1, Contiﬁued.
(b) Speed 2410.0 fﬁé
Figure 10.- Model 16l4-1. Continued.
(¢) Speed = 12.5 fps
Figure 10.- Model 1614i-1. Continued.
(d) sSneed = 1540 fps
Figure 10.- Model 161A-1. Continued.
(e) Speed = 17.5 fps

Figure 10.- Model 1614-1. Coneciuded,

(f) Speed = 20,0 fps

CONFIDENTIAL
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FIGURE LEGENDS - Concluded

Fipure 1l.- Model 161A-1. Speeds at which spray enters and clears
the provellers at various gross loads. ©&p = 20°; 8¢ = 0°;
propeller speed 6900 rpm.

Figure 12.- Model 161A-1. Variation of trim with speed for various
elevator deflections and positions of the center of gravity.
Propeller rpm 6000; & = 20°; 8¢ = -6°.

(8) a0 = W7.5 1
Figure 12,- Model 161A-1. Continued
(b) Ao = 166.5 1b
Figure 12.- Model 161A-1. Concluded
(&) A, = 186.0 1b

Figure 13+- Models 161A-1, 165, and 165A-1. Variation of maximum
amplitude of porpoising with position of center of gravity,
6p = 200,

Figure 1llLe~ Models 161A-1 and 165A-1, Variation of stable range of
center of gravity nositions with gross load. 6&p = 20°.

Figure 15.= Models 1614-1, 165, and 165A-1. Comparison of trim
limits of stability, Ao = 147.5 pounds; 6f = 20°; propeller
reme 6900,

Figure 16e= Models 161A-1 and 165A-1, Free-to-trim resistance without

powers Agp = 147.5 pounds 5f = 20°; center of gravity 28 percent
mean aerodynamic chord.

CONFIDENTIAL
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Model 161

Model 161A-1 CONFIDENTIAL

Figure 1.- Models 161 and 161A-1. Side-view photographs.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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Figure 2 .- Model 16/A4-1, Body plan.
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Ao = 166.5 1b, 7 = 3,6°
Power on

A, = 147.5 1lb. 7 = 3,5°
Power on

A, = 186.0 1b. 7 = 5.0°
Power off

(a) Speed = 7.5 fps CONFIDENTIAL

A. = 186.0 1b. 7 = 3.4°
Power on

Figure 10.- Model 161A-1. Spray in propellers. 20° flaps; 0° elevator

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA
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147.5 1b. 7 = 4.8°
Power on

186.0 1b. 7 = 5.0°
Power on

1}
o,
=

o

Ao = 166.5 1b. 7T
Power on

Ag = 186.0 Ib. 7= 7.,5°
Power off

(b) Speed = 10.0 fps CONFIDENTIAL

Figure 10.- Model 161A-1.

Continued.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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AQ = 147.5 1b. 7 = 50'0 AO 166.5 1b. T = 6-10
Power on Power on

=
>
aQ
>
o o)
.
b A
o
c
(o)}
o
A, = 186.0 1b. 7 = 6.5° A, = 186.0 1b, 7 = 8.0°
Power on Power off
(¢c) Speed = 12.5 fps CONFIDENTIAL

Figure 10.- Model 161A-1. Continued.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA
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&g = 1475 Ibs 7 = 7.5°
Power on

Ay = 16645 Ab. v = 7.7°
Power on

Ao = 186.0 lb. 7 = 7.7°
Power on

(d) Speed = 15.0 fps

Figure 10.- Model 161A-1.

A, = 186.0 1b. 7 = 9.9°
Power off

CONFIDENTIAL

Continued.,
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1
@
(e}]

o

Ao = 147.5 1lb. 7 Ao = 166.5 1b. 7 = 8.8°
Power on Power on

Ay = 186.0 1b. 7 = 9.5° Ay, = 186.0 1b. 7 = 12.6°
Power on Power off
(e) Speed = 17.5 fps CONFIDENTIAL

Figure 10.- Model 161A-1. Continued.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

*ON WY VOVN

92191



CONFIDENTIAL

Ao = 147.5 1b. T =
Power on

AO = 186.0 1lb, 7 = 9.50
Power on

Ay = 166«5 lb, 7 = 8.5°
Power on

A, = 186.0 1b. 7 = 12.8°
Power off

(f) Speed = 20.0 fps

Figure 10.- Model 161A-1.

Cirea it CONFIDENTIAL

*ON WY VOVN

921971



L6126

o
=
=
a1
<
O
<<
=

=

FOR AERONAUTICS H

NATIONAL ADVISORY

1ae )i p—
i =
i =
x
oH
OH
i <R S
= i -
[ 2Z T e 3 He < i
L i W
issifa) o
i L
HHH 2 3 HE . Z
i) i il i O i
B T ”:: tHHH C m.m..m.m
i U 7 e




NACA RM No. LEI26
‘i.ooo il
B
7:.‘.5 §?§, i
i
‘..... &;ﬁ
® o I
oo iR
g e .

HE A B
3 ;i?;‘ﬁs" e e ol A

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

CONFIDENTIAL



e

i
i
31 1“‘
I
i ‘ i
]
BB 6
A
L2
;o
3:
i
i
i
i
i

i

E

I
i

S &1
% o

EEE
ﬂ!ﬂﬁfﬁﬁi‘ﬂﬁ

R
R

i
B nﬁﬁ@@

;nnn
N gipe

o

NACA RM No. L6126

: B EEmEE
%’“??ﬁﬁﬁﬁ@%@ﬁ-ﬁi i
.

s ]
m_ﬁ@@@@a@&@mg ﬁ@ﬂ

"%@a%@@ G

: i
ﬂ NATIONAL ADVISORY i
[EEE COMMITTEE FOR AERONAUTICS !gﬁg”x

T
i Eﬁiﬁgﬁ’ﬂﬁ‘%“ﬁ‘i“ﬂ@dﬁﬂm;%“?’ W«EJ““
Q@iﬁﬁi.ﬁ&iﬁl&. T




0O i £

o HHHIE s

2y Xr. M $31i8288 «4.

o] : = i
o it i

— o

£

THH

i
i

COMMITTEE FOR AERONAUTICS

i

NACA RM No.

B8

i3

$8531 fasee it

:

i

sHH

5

it:
! 33t i
i
NG i
3 B i
i bi3ite 2 21 54ts 3388
‘ i s

33

38252 33
i FHHE Fas
i BRI HH




L4
oo

L3

o000

L T E L]
o

3 ' NACA RM No. L6IZ26

5 333 13333 13331 12 ~
Lo T CONFIDENTIAL
s0000 Y : T Ata
] ° H iﬁ i diasl £ AR
‘evoe il Hifi H i i
;88 St s it ; R{ HH
4y i R i i
° s oot i il 1 i
ess00e HHE ik i e
. L] 2338 = ‘L s E2iEe i
Al
H - i HHH
1
L i
g

NATIONAL . Al
COMMITTEE FOR Asnouuncs._ém :
S S U R I
B ¥EE B !

T CONFIDENTIAL % .




NACA RM No. L6126

: esets
: s
H
H V)
18 ¥ =4
fiHD>- = i
! NHE 2 &
§ bR O = it
-
23]
7 > & 1h
: agq
. ne < m
._ .“N_ F.Hh
3 H? wii
O
= =
v d = TR
< 3 B
o
Rt O
=1 i = T
L~ ¢ 3% <
e L
= =
Z m :
[Py i Pt &
a i o
e [V
Z k Z
o t Ofsimi
O i v
* i i
>
t 3 e
&= :
HH
i :




O
a
— Saws HHH
O
L
-
o o
= sy v
: : ]
= 4 = o= W -
(a e : a :
oz
O W w F:
o ; e« o
= NG < e
R
H 3
558 Z w t
. o w HiE
=
L E
1 I8 R
: b S uads < X i
T o T
| HaA (&} 5 !
! 5
HH 55 H el
¥ th iy B
H L E
tH H
H H
T ¥ m H b5 i m
: it .55 it i
: HH H Hi
H Pt
= U
i it
SR o Eas
ik W
HH T Jsg-S842 P!
HE
easgie:
seens yaEaEEans
S ﬁt&& HHH HIH HH
SEeRESeesstotaa tnset i wzs e
R
sasaiddagiaindana: FH
HH T v 5. 5
-
jusassan B i T 5
fagiammaniin HHEEH H Hi
T e "
H t t " B
s HHH s sasa
:
K : 2888, ™
HH
HHH
S
=t
Hos
i HEHH At T s
- 1 H




